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It i s  well  known t h a t  adsorbed cesium s ign i f i can t ly  reduces t h e  electron 
work function of t he  emit ter  and collector i n  a cesium thermionic diode. 
Figure 1, which i s  based on t h e  data reported by  Houston' of General E lec t r i c ,  
shows how t h i s  reduction i n  e lectron work function, -A e, var ies  with t h e  
r a t i o  of metal & i f a c e  temperature t o  cesium reservoi r  temperature, TS/TCS. 
In  an e f f o r t  t o  derive an analyt ic  expression t o  represent data of t h e  
type shown i n  Fig.  1, it i s  found t h a t  the metal surface plays a far  more im-  
portant r o l e  i n  t h e  adsorption process than t h a t  a t t r i b u t e d  t o  it i n  t h e  lit- 
era ture .  It w i l l  be  shown t h a t  because t h e  presence of t he  metal surface,  it 
i s  necessary t o  consider t he  e f fec t ive  e l e c t r i c  f i e l d  ac t ing  on each adsorbed 
p a r t i c l e ,  t h e  e f fec t ive  po la r i zab i l i t y  of each adsorbed pa r t i c l e ,  and a new 
expression f o r  t h e  var ia t ion  i n  atom desorption energy with gas coverage. 
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Consider t h e  model of an adsorbed pa r t i c l e  shown i n  F ig .  2. 
be the  e f f ec t ive  dipole f i e l d  act ing on t h e  i t h  adsorbed p a r t i c l e .  
of t h i s  f i e l d ,  t h e  e f f ec t ive  dipole moment 
L e t  (Eeff)i  
Because 
(zeff)i of t h i s  p a r t i c l e  i s  
3 
changed by 2 di (Eeff)i t o  y ie ld  a new e f fec t ive  dipole moment <ff)i 
given by the  r e l a t i o n  
3 -+ 
"he ef fec t ive  dipole f i e l d  (Eeff)i consis ts  of t h e  f i e l d  Eii produced 
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by t h e  image of the  dipole di (Eeff)i induced i n  the  i t h  adsorbed p a r t i c l e  
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by (Eeff)i ,  and t h e  fieldgl%?ik produced by a l l  t h e  other e f f ec t ive  dipoles 
klf i 
(adsorbed p a r t i c l e s ) ,  t h a t  i s ,  
00 + 4 1 - 3  
ii ) .  = E + Eik k=l 
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Assuming t h a t  t he  dipole f i e l d  ac t ing  on each adsorbed p a r t i c l e  i s  uniform 
IS 
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and equala t o  the  value at  the  surface yields  
('ef f )k + - _ -  
E i k  7. 3 (4) 
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Subst i tut ing equations (3) and (4) i n to  equation (2) leads t o  t h e  i m -  
por tant  new r e s u l t  
3 
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Using t h e  above expression f o r  (ELff)i i n  equation (1) yields  t h e  following 
equation for (perf * I  i 
M 
L 
If the  configuration of the  effect ive dipoles associated with the  adsorbed 
p a r t i c l e s  i s  assumed t o  be a Topping square array,  equation (6) may be wr i t ten  
as 
0 
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eff  m - D  
reff 1 + 9.033 d. (Nse)3/2 
ef f 
where a l l  dipoles a re  considered as 
i s  defined as eff A 
a &  
a d ,  A =  1-- eff 
z03 
It should be noted t h a t  t h e  new and 
ident ica l  and t h e  e f fec t ive  po la r i zab i l i t y  
(8) 
unique feature i n  equation (7) i s  the  use 
i n  t h e  denominator. For t h e  cesium- eff 
of t h e  e f fec t ive  po la r i zab i l i t y  A 
tungsten system, analysis  of Taylor and Langmuir's data  2 yields  the  value of 
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18.7 k f o r  t h e  e f fec t ive  polar izabi l i ty  dteff of adsorbed cesium. 
The atom desorption energy (Pa i s  t h e  work WS-&,  needed totake an 
adsorbed p a r t i c l e  from the s l l r f a~e  t.0 i n f i n i t y  i~ t h e  fern cf m ztom. 
it may be wr i t ten  
 US, 
S -00 (9) Y a = W  
? o r  1. I 
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- AW s- a3 A y a  = AW 
J 
The f i r s t  term within t h e  bracket i n  equation (10) i s  the  polar izat ion energy, 
t h e  second term i s  t h e  adsorbed par t ic les -ef fec t ive  dipole f i e l d  in te rac t ion  
energy, and Eeff i s  t he  e f fec t ive  dipole f i e l d  given by equation ( 5 ) .  I n  
t e r m s  of \ 
3 
3 
and z equation (10) becomes 
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Since 
- 4 -  C 
and 
- 4 A  
'eff .n = 2 \ 
equation (11) may be wr i t ten  i n  the  form 
The above expression i s  the  desired equation for t h e  atom desorption energy. 
Equation (14) i s  compared t o  t he  data of Taylor and Langmuir2 on t h e  var i -  
a t ion  i n  cesium atom desorption energy from a tungsten surface.  
f o r  \Xff\ and Leff are determined from t h e i r  work function data,  and zo 
i s  chosen so t h a t  t he  caicuiated values of 
The values 
- A y a  fit t h e  data a t  medium and 
a t  high coverages. The various values used a re  
\xeff\ = 9.70 Debyes 
" 3  = 18.7 A eff  
(1-5) 
Z = 3.22OA 
NS 
0 
14 2 
= 4.8 x 10 /cm 
Figure 3 shows the comparison of t he  calculated and experimental values of 
-AT . 
f o r  t h e  dot ted l i n e  a re  computed from the equation 
Points for t h e  s o l i d  l i n e  a re  computed from equation (14), and points  a 
which i s  equation (14) with t h e  t e r m  keff /zO3 s e t  equal t o  zero. Equation 
(16) corresponds t o  t he  case i n  which an adsorbed pa r t i c l e ' s  own image f i e l d  
i s  not taken in to  account i n  t h e  determination of t h e  t o t a l  d i ro l e  f i e l d  act ing 
on i t .  
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It i s  in t e re s t ing  t o  note t h a t  t h e  po la r i zab i l i t y  L- of adsorbed 
l 
A eff  and z 0 given cesium computed from equation (8) with the values of 
i n  equation (15) i s  6.00 A , which i s  quite close t o  the  ionic  polarizabil-i ty 
of cesium. ALSO, t he  value of z o / k  is  close t o  t h e  ionic  radius  of cesium. 
I n  t h i s  paper it has been shown tha t  t h e  correct  po la r i zab i l i t y  which 
" 3  
i 
should be used i n  equation (7) i s  t h e  e f fec t ive  po la r i zab i l i t y  defined by  
equation (8) .  I n  addition, it i s  demonstrated tha t  t h e  var ia t ion  i n  atom de- 
sorption energy i s  c lose ly  r e l a t ed  t o  the var ia t ion  i n  e lectron work function 
with coverage. 
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